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Middle Eastlipoprotein cholesterol (LDL-C) lowering to prevent atherosclerotic cardiovascular disease (ASCVD).
Data on non–HDL-C goal attainment in patients with high triglycerides (TGs) on lipid-lowering drugs
(LLDs) in the region is scarce.
OBJECTIVE: Evaluate non–HDL-C target attainment according to the National Lipid Association in
patients on LLDs stratified by TG (,150 [1.69], 150–200 [1.69–2.26], .200 [2.26] mg/dL [mmol/L])
levels in the Arabian Gulf.
METHODS: Overall, 4383 patients on LLD treatment from 6 Middle Eastern countries participating
in the Centralized Pan-Middle East Survey on the Undertreatment of Hypercholesterolemia study were
evaluated. Patients were classified according to TG levels and ASCVD risk.
RESULTS: The overall non–HDL-C goal attainment was 41% of the subjects. Non–HDL-C goal was
less likely attained in patients with high TGs (12% vs 27% vs 55%; P, .001). Very high ASCVD risk pa-
tients with high TGs attained less their non–HDL-C targets comparedwith thosewith lower TG levels (8%
vs 23%vs 51%;P,.001). Similarly, highASCVD risk patientswith high TGs also failedmore in attaining
non–HDL-C targets compared with those with lower TGs (26% vs 42% vs 69%; P , .001). In addition,
those with high TG also succeeded less in attaining LDL-C and apolipoprotein B goals (P, .001).
CONCLUSIONS: A large proportion of very high and high ASCVD patients on LLDs in the Arabian
Gulf are not at recommended non–HDL-C targets and hence remain at a substantial residual risk.
 2016 National Lipid Association. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Non–high-density lipoprotein cholesterol (non-HDL-C)
represents the cholesterol carried by all atherogenic parti-
cles1 and is a good surrogate marker for triglyceride (TG)
and TG-rich lipoprotein particles.2 Although there is
modest evidence for the association between fasting TG
and atherosclerotic cardiovascular disease (ASCVD) risk,
recent data suggest a stronger association between
TG-rich lipoprotein particles and ASCVD.3–5
There is evidence that non–HDL-C is a better risk
estimator than low-density lipoprotein cholesterol (LDL-C)
in patients with high TG combined with diabetes mellitus,
metabolic syndrome (MetS), or chronic kidney disease.6
Moreover, non–HDL-C is considered a stronger predictor
of ASCVD morbidity and mortality,7 and changes in
non–HDL-C levels are even a better predictor of coronary
heart disease (CHD) events than on treatment levels of
LDL-C in subjects receiving lipid-lowering therapy.8,9
Therefore, several guidelines recognize non–HDL-C as a
secondary therapeutic target particularly in patients with
hypertriglyceridaemia.10–14 The US National Lipid Associ-
ation (NLA) in its recent published recommendation, rec-
ognizes both non–HDL-C and LDL-C as primary
therapeutic targets.15 In addition, a secondary optional
target, apolipoprotein B (Apo B), a marker of proathero-
genic lipoproteins, is also considered.
Data on non–HDL-C goal attainment stratified by TG
and ASCVD in patients undergoing lipid-lowering therapy
in the Arabian Gulf are scarce.16 The main objective of this
study was to evaluate non–HDL-C therapeutic target
achievement in patients on lipid-lowering drugs (LLDs)
stratified by TG levels in the Arabian Gulf region. Patients
were also stratified according to ASCVD risk. The attain-
ment of recommended LDL-C and Apo B targets was
also evaluated.Methods
The methods have already been previously described.17
Briefly, the Centralized Pan-Middle East Survey on
the Undertreatment of Hypercholesterolemia study
(CEPHEUS) was a multicenter noninterventional survey
of patients on LLDs in 6 Middle Eastern countries (Saudi
Arabia, United Arab Emirates, Oman, Qatar, Bahrain, and
Kuwait). A total of 5457 patients from outpatient clinics
were enrolled in the survey by 177 specialists and primary
care physicians. The study was conducted between
November 22, 2009, and July 7, 2010. The inclusion
criteria were age $18 years; use of LLDs for $3 months,
with no dose change on the last 6 weeks.
A fasting blood sample was taken from each subject for
measurement of total cholesterol, HDL-C, LDL-C, TG,
apolipoprotein A1 (Apo A1), Apo B, glucose, and glycated
hemoglobin A1c (HbA1c). Blood samples were collected in
3 tubes (5 mL in a gel tube, 2 mL in a fluoride tube, and
2 mL in an EDTA tube). Blood samples were shipped by air
courier, and the tests were performed at the King Faisal
specialist Hospital and Research Centre (Riyadh, Saudi
Arabia). All laboratory tests underwent internal and
external quality control checks. Low HDL-C was defined
as levels of ,40 mg/dL (1.0 mmol/L) for men and
,50 mg/dL (1.3 mmol/L) for women.15 TG levels were
stratified into ‘‘normal’’ (,150 mg/dL [1.69 mmol/L]),
‘‘borderline’’ (150–200 mg/dL [1.69–2.26 mmol/L]), and
‘‘high’’ (.200 mg/dL [.2.26 mmol/L]).15
Criteria for ASCVD risk status was derived from the
NLA recommendations for patient-centered management
of dyslipidemia Part 1–Executive Summary.15 High-risk
group included patients with $3 major ASCVD risk
factors, diabetes mellitus (type 1 or 2) with 0/1 other major
ASCVD risk factor, or LDL-C $190 mg/dL (5.02 mmol/L;
severe hypercholesterolemia). Very high-risk group
370 Journal of Clinical Lipidology, Vol 10, No 2, April 2016included ASCVD and diabetes mellitus with $2 other
major ASCVD risk factors.15 Non–HDL-C targets were
30 mg/dL (0.8 mmol/L) higher than the recommended
LDL-C goals according to risk: ,100 mg/dL
(,2.6 mmol/L) and , 130 mg/dL (3.3 mmol/L) for high
and very high ASCVD patients, respectively.15 Because
CEPHEUS also had information about on treatment Apo
B concentrations, we also checked the attainment of Apo
B recommended goals, an optional target according to the
NLA recommendations, for example ,90 mg/dL and
80 mg/dL for high and very high ASCVD risk individuals,
respectively.15
Statistical analysis
Descriptive statistics was used to describe the data. For
categorical variables, frequencies and percentages were
reported. Differences among groups were analyzed using
Pearson’s chi-square tests. For continuous variables, mean
and standard deviation were used to summarize the data.
Analyses were performed using ordinary least squares
regression. Non–HDL-C goal attainment was also analyzed
using multivariable logistic model adjusting for age,
gender, components of MetS other than TG levels, namely:
waist circumference, glucose levels, HbA1c, HDL-C,
hypertension, and MetS itself as well as CHD, peripheral
artery disease, CVD, type of statin (atorvastatin, simva-
statin, and rosuvastatin), smoking status, LDL-C, and Apo
B levels. A priori 2-tailed level of significance was set at
.05. Statistical analyses were conducted using STATA,
version 13.1 (StataCorp, College Station, TX).
Ethics approval
This study complied with the Declaration of Helsinki.
The study had approval from the internal review bodies/
ethics committees of each participating institution in the
each of the Arabian Gulf countries. Furthermore, informed
written consent was also obtained from all patients enrolled
in the study.Results
A total of 5457 patients participated in the survey.
Laboratory data were completely missing for 160 patients,
6 patients were underage, and 15 patients missed the
ASCVD risk level data. A further 17 patients were removed
because of missing gender and TG levels. Patients with low
and moderate ASCVD risk (n 5 876) were not included in
this study. Therefore, the final study sample comprised
4383 patients.
Table 1 outlines the demographics and clinical charac-
teristics of the cohort. The overall mean age of the cohort
was 57 6 11 years with 60% (n 5 2620) males and 75%
(n 5 3297) Gulf citizens. The average body mass index
was 31 6 7 kg/m2. The proportion of patients with CHD,diabetes mellitus, and MetS were 37% (n 5 1611), 77%
(n 5 3336), and 41% (n 5 1786), respectively. Most
patients (78%; n 5 3425) had very high ASCVD risk
status. The majority (94% n 5 4121) was on statin mono-
therapy. Patients on statin combination (statin plus other
lipid-modifying therapy) and other lipid-modifying thera-
pies (ezetimibe, fibrates, bile acid sequestrants, or nicotinic
acid) were 5.0% (n5 220) and 1.0% (n5 42), respectively.
Total cholesterol, LDL-C, non–HDL-C, HDL-C, TG (all in
mmol/L) and Apo B (in g/L) levels on treatment were
4.30 6 1.11, 2.53 6 0.94, 3.15 6 1.09, 1.15 6 0.31,
1.74 6 1.26, and 0.91 6 0.27, respectively.
Table 1 also stratifies patients according to TG levels,
‘‘normal’’ (,150 mg/dL [,1.69 mmol/L]), ‘‘borderline’’
(150–200 mg/dL [1.69–2.26 mmol/L]), and ‘‘high’’
(.200 mg/dL [.2.26 mmol/L]). The proportion of patients
with high TG was 19% (n 5 844) and low HDL-C was
found in 53% (n 5 2326). Those with high TGs were
more likely to be diabetic (81% vs 77% vs 74%;
P , .001), have low HDL-C (75% vs 63% vs 43%;
P , .001) and consequently present with the MetS (79%
vs 72% vs 18%; P , .001) when compared with those
with normal TG. Furthermore, when compared with those
with normal TG, the high TG cohort was also less likely
to attain the recommended Apo B levels (16% vs 27% vs
53%; P , .001). Of importance, patients with high TGs
were also less likely to attain both LDL-C (20% vs 22%
vs 37%; P , .001) and non–HDL-C (12% vs 27% vs
55%; P , .001) goals.
The association between non–HDL-C goal attainment
and TG levels was also reanalyzed adjusting for confound-
ing factors as stated previously. The findings were robust
and still remained the same. Therefore, higher levels of TG
were associated with lower probability of attaining non–
HDL-C goals. Specifically, those with borderline TG levels
were 64% less likely to attain their non–HDL-C goal
(adjusted odds ratio [OR], 0.36; CI, 0.27–0.49; P , .001)
compared with those with normal TG levels. In addition,
those with high TG levels were 94% less likely to attain
their non–HDL-C goal (OR, 0.06; CI, 0.04–0.09;
P , .001) compared with those with normal TG levels.
Furthermore, those with high TG levels were 83% less
likely to attain their non–HDL-C goal (OR, 0.17; CI,
0.11–0.26; P , .001) compared with those with borderline
TG levels.
The multivariate logistic model also demonstrated that
older age (OR, 0.97; 95% CI, 0.98–0.98; P , .001), higher
HbA1c levels (OR, 0.02; 95% CI, 0.01–0.48; P, .016), hy-
pertension (OR, 0.37; 95% CI, 0.28–0.48; P , .001), CHD
(OR, 0.35; 95% CI, 0.27–0.46; P , .001), higher LDL-C
levels (OR, 0.01; 95% CI, 0.01–0.02; P , .001), and higher
Apo B levels (OR, 0.01; 95% CI, 0.01–0.04; P , .001)
were all negatively associated with non–HDL-C goal
attainment. However, higher HDL-C (OR, 5.07; 95% CI,
3.12–8.23; P , .001) and rosuvastatin use (OR, 2.04;
95% CI, 1.03–4.04; P , .001) were both positively associ-
ated with non–HDL-C goal attainment. The other factors in
Table 1 Demographic, clinical, and laboratory characteristics of the CEPHEUS cohort stratified by triglyceride levels
Variable, n (%) unless specified otherwise All (N 5 4383)
Triglyceride levels, mg/dL (mmol/L)
P value
Normal ,150
(1.69), n 5 2653
Borderline 150–200
(1.69–2.26), n 5 886
High .200 (2.26),
n 5 844
Gulf citizen 3297 (75) 2004 (76) 680 (77) 613 (73) .104
Age, mean 6 SD, years 57 6 11 57 6 11 56 6 11 54 6 11 ,.001
Male gender 2620 (60) 1557 (59) 531 (60) 532 (63) .081
Weight, mean 6 SD, kg 82 6 17 81 6 17 84 6 17 84 6 18 ,.001
Waist circumference, mean 6 SD, cm 104 6 14 103 6 14 105 6 13 104 6 14 .002
Body mass index, mean 6 SD, kg/m2 31 6 7 31 6 7 32 6 8 32 6 7 ,.001
Smoking status, current 561 (13) 280 (11) 130 (15) 151 (18) ,.001
Coronary heart disease 1611 (37) 1054 (40) 302 (34) 255 (30) ,.001
Peripheral artery disease 149 (3.4) 93 (3.5) 27 (3.1) 29 (3.5) .807
Cerebrovascular disease 191 (4.4) 131 (5.0) 31 (3.5) 29 (3.4) .066
Diabetes mellitus 3336 (77) 1969 (74) 682 (77) 685 (81) ,.001
HbA1c, mean 6 SD, % (in diabetics only) 8.6 6 3.7 8.2 6 3.2 8.8 6 4.0 9.3 6 4.7 ,.001
Glucose levels, mean 6 SD, mmol/L 7.8 6 3.7 7.3 6 3.3 8.0 6 3.6 9.2 6 4.4 ,.001
Metabolic syndrome 1786 (41) 486 (18) 635 (72) 665 (79) ,.001
Hypertension 3067 (70) 1879 (71) 621 (70) 567 (67) .132
Blood pressure (BP), mean 6 SD, mm Hg
Systolic BP 133 6 18 133 6 19 133 6 18 133 6 18 .851
Diastolic BP 79 6 10 78 6 11 80 6 10 80 6 10 ,.001
ASCVD risk status
High risk 958 (22) 589 (22) 195 (22) 174 (21) .620
Very high risk 3425 (78) 2064 (78) 691 (78) 670 (79)
Dyslipidemia therapy
Statin monotherapy 4121 (94) 2522 (95) 832 (94) 767 (91) ,.001
Statin combination 220 (5.0) 117 (4.4) 47 (5.3) 56 (6.6) .033
Others 42 (1.0) 14 (0.5) 7 (0.8) 21 (2.5) ,.001
Lipid levels on treatment, mean 6 SD, mmol/L, unless specified otherwise
TC 4.30 6 1.11 4.01 6 0.98 4.49 6 1.08 4.99 6 1.20 ,.001
LDL-C 2.53 6 0.94 2.37 6 0.86 2.74 6 0.98 2.82 6 1.01 ,.001
HDL-C 1.15 6 0.31 1.23 6 0.31 1.09 6 0.27 0.99 6 0.25 ,.001
Non–HDL-C 3.15 6 1.09 2.79 6 0.90 3.41 6 0.99 4.01 6 1.15 ,.001
Apo B, g/L 0.91 6 0.27 0.83 6 0.23 0.99 6 0.26 1.10 6 0.29 ,.001
TG 1.74 6 1.26 1.15 6 0.29 1.91 6 0.17 3.43 6 2.00 ,.001




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































372 Journal of Clinical Lipidology, Vol 10, No 2, April 2016the adjusted logistic model (gender, waist, glucose levels,
MetS, peripheral artery disease, CVD, atorvastatin, simva-
statin, and smoking status) were not significantly associated
with non–HDL-C goal attainment.
Figure 1 summarizes the percentage of patients
achieving LDL-C, non–HDL-C, and Apo B therapeutic tar-
gets in those with very high ASCVD risk stratified by TG
levels (N 5 3425). The proportion of patients who attained
LDL-C, non–HDL-C, and Apo B targets was 26%, 37%,
and 39%, respectively. Those with higher TGs were less
likely to attain LDL-C (17% vs 19% vs 32%; P , .001),
non–HDL-C (8% vs 23% vs 51%; P , .001), and Apo B
(15% vs 26% vs 51%; P , .001) recommendations.
Figure 2 summarizes the percentage of patients
achieving LDL-C, non–HDL-C, and Apo B therapeutic
targets in those with high ASCVD risk stratified by TG
levels (N 5 958). The proportion of patients who achieved
LDL-C, non–HDL-C, and Apo B therapeutic targets was
46%, 56%, and, 48%, respectively. Those with higher
TGs were less likely to attain their LDL-C (34% vs 35%
vs 53%; P , .001), non–HDL-C (26% vs 42% vs 69%;
P , .001), and Apo B (20% vs 31% vs 61%; P , .001)
goals.
Figure 3 summarizes the prevalence of low HDL-C in
very high and high ASCVD risk patients as well as
controlled non–HDL-C stratified by TG levels
(N 5 1809). The proportion of patients who had low
HDL-C in those with very high and high ASCVD risk
were 53% and 41%, respectively. Those with higher TGs
were more likely to have low HDL-C in very high ASCVD
risk (84% vs 75% vs 48%; P , .001) and high ASCVD risk
(67% vs 56% vs 35%; P , .001), respectively.
Figure 4 summarizes the percentage of patients
achieving LDL-C, non–HDL-C, and Apo B therapeutic tar-
gets in those with diabetes mellitus stratified by TG levelsFigure 1 Lipid target achievements (LDL-C, non–HDL-C, and
Apo B) in very high atherosclerotic cardiovascular disease
(ASCVD)–risk patients stratified by triglyceride levels
(N 5 3425). Therapeutic lipoprotein targets for the very high
ASCVD risk group were LDL-C ,70 mg/dL (,1.8 mmol/L),
Apo B ,80 mg/dL (,0.80 g/L), and non–HDL-C ,100 mg/dL
(,2.6 mmol/L). Apo, apolipoprotein; LDL-C, low-density lipo-
protein; HDL-C, high-density lipoprotein.
Figure 2 Lipid target achievements (LDL-C, non–HDL-C, and
Apo B) in high atherosclerotic cardiovascular disease
(ASCVD)–risk patients stratified by triglyceride levels
(N 5 958). Therapeutic lipoprotein targets for the high ASCVD
risk group were LDL-C ,100 mg/dL (2.6 mmol/L), Apo
B ,90 mg/dL (0.90 g/L), and non–HDL-C ,130 mg/dL
(3.3 mmol/L). Apo, apolipoprotein; LDL-C, low-density lipopro-
tein; HDL-C, high-density lipoprotein.
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C, non–HDL-C, and Apo B therapeutic targets was 26%,
36%, and 38%, respectively. Those with higher TGs were
less likely to attain their LDL-C (17% vs 19% vs 32%;
P , .001), non–HDL-C (8% vs 24% vs 51%; P , .001),
and Apo B (15% vs 26% vs 51%; P , .001) goals.
Figure 5 summarizes the percentage of patients
achieving LDL-C, non–HDL-C, and Apo B therapeutic tar-
gets in those without diabetes mellitus stratified by TGFigure 3 Prevalence of low HDL-C in very high and high
atherosclerotic cardiovascular disease (ASCVD)–risk patients
and controlled non–HDL-C stratified by triglyceride levels
(N 5 1809). Despite the lack of a recommended HDL-C goal
by guidelines, satisfactory HDL-C was defined as ,40 mg/dL
(,1.03 mmol/L) for males or ,50 mg/dL (,1.29 mmol/L) for fe-
males. Therapeutic non–HDL-C targets for high and very high
ASCVD risk patients were ,130 mg/dL (,3.3 mmol/L) and
,100 mg/dL (,2.6 mmol/L), respectively. Apo, apolipoprotein;
LDL-C, low-density lipoprotein; HDL-C, high-density
lipoprotein.levels (N 5 670). The proportion of patients who achieved
LDL-C, non–HDL-C, and Apo B therapeutic targets was
26%, 41%, and 42%, respectively. Those with higher
TGs were less likely to attain their LDL-C (18% vs 15%
vs 30%; P 5 .001), non–HDL-C (12% vs 20% vs
52%; P , .001), and Apo B (16% vs 23% vs 52%;
P , .001) goals.Discussion
To our knowledge, this is the first study in the Arabian
Gulf region evaluating the non–HDL-C therapeutic target
attainment in patients on LLDs. Non–HDL-C goals were
achieved in only 41% of the overall cohort and was
significantly inferior in patients with high TG levels.
Moreover, recommended non–HDL-C, LDL-C, and
optional Apo B values were achieved significantly lower
in those with higher TG concentrations and in those with
greater ASCVD risk. Finally, the prevalence of low HDL-C
levels increased according to higher TG levels and a greater
ASCVD risk.
Despite the modest evidence from interventional studies
showing that reduction of plasma TG levels prevents
cardiovascular events,3 recent data from both Mendelian
randomization18 and epidemiologic studies19 show
that TG-rich lipoproteins are indeed proatherogenic.
Non–HDL-C and Apo B are markers not only of LDL par-
ticles but also of TG-rich lipoprotein concentrations.2,15
Moreover, a post hoc evaluation of both Treat to NewFigure 4 Lipid target achievements (LDL-C, non–HDL-C, and
Apo B) in diabetic patients stratified by triglyceride levels
(N 5 2755). Therapeutic lipoprotein targets for the high athero-
sclerotic cardiovascular disease (ASCVD)–risk group were
LDL-C ,100 mg/dL (2.6 mmol/L), non–HDL-C ,130 mg/dL
(3.3 mmol/L), and Apo B ,90 mg/dL (0.90 g/L). Therapeutic
lipoprotein targets for the very high ASCVD risk group were
LDL-C ,70 mg/dL (,1.8 mmol/L), non–HDL-C ,100 mg/dL
(,2.6 mmol/L), and Apo B ,80 mg/dL (,0.80 g/L). Apo, apoli-
poprotein; LDL-C, low-density lipoprotein; HDL-C, high-density
lipoprotein.
Figure 5 Lipid target achievements (LDL-C, non–HDL-C, and
Apo B) in nondiabetic patients stratified by triglyceride levels
(N 5 670). Therapeutic lipoprotein targets for the high atheroscle-
rotic cardiovascular disease (ASCVD)–risk group were LDL-C
,100 mg/dL (2.6 mmol/L), non–HDL-C ,130 mg/dL
(3.3 mmol/L), and Apo B ,90 mg/dL (0.90 g/L). Therapeutic
lipoprotein targets for the very high ASCVD risk group were
LDL-C ,70 mg/dL (,1.8 mmol/L), non–HDL-C ,100 mg/dL
(,2.6 mmol/L), and Apo B ,80 mg/dL (,0.80 g/L). Apo, apoli-
poprotein; LDL-C, low-density lipoprotein; HDL-C, high-density
lipoprotein.
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Aggressive Lipid Lowering studies has shown that the
persistent elevation of non–HDL-C was independently
associated with a greater risk of cardiovascular events
even when LDL-C was intensively reduced.8 Therefore,
several guidelines recognize non–HDL-C as an additional
therapeutic target, particularly in patients with hypertrigly-
ceridemia after achieving the primary LDL-C target.10–14
The NLA in its recent published recommendation recog-
nizes both non–HDL-C and LDL-C as the primary targets
of therapy.15 Furthermore, the International Atherosclerosis
Society13 and the UK’s National Institute for Health and
Care Excellence recommend the control of non–HDL-C
for ASCVD prevention.14 Hence, a persistent elevation of
TG and especially non–HDL-C concentrations indicate an
elevated risk of ASCVD events and should therefore be
controlled.
This analysis of the CEPHEUS population shows clearly
that there is a high degree of uncontrolled atherogenic
dyslipidemia in the Gulf region that is greater in those with
higher TG levels and very high ASCVD risk. Indeed, in
both high and very high ASCVD risk categories those with
higher TG levels significantly achieved lower rates of
success in attaining not only their non–HDL-C targets but
also LDL-C and Apo B recommendations.
The levels of TG were the dominant factor associated
with failure in attaining non–HDL-C goals even after
adjusting for other risk factors like glucose levels,
HbA1c, HDL-C, hypertension, and MetS. Specifically,
those with high TG levels were 94% and 83% less likely
to attain their non–HDL-C goal than normal andborderline TG levels, respectively. Moreover, the multi-
variate logistic model also demonstrated that older age,
higher HbA1c, hypertension, CHD, higher LDL-C, and
Apo B levels were all negatively associated with
non–HDL-C goal attainment. On the other hand, higher
HDL-C and rosuvastatin use were both positively asso-
ciated with non–HDL-C goal attainment. Switching from
other statin to rosuvastatin has been shown, by many
studies, to achieve a better control of non–HDL-C.20,21
These findings indicate the presence of residual risk
and implicate severe clinical consequences if these levels
of proatherogenic lipoproteins persist.
In the CEPHEUS study, a lower rate of non–HDL-C
control was found in comparison with the multinational
Lipid Treatment Assessment Project 2 (LTAP-2)22 that was
performed in the Americas, Europe, and in the Asia Pacific
regions. In the LTAP-2, non–HDL-C target attainment
occurred in 63% of study patients overall when compared
with 41% in the CEPHEUS project. Furthermore, the
CEPHEUS project also shows that a lower rate of control
than LTAP-2 when patients were stratified according to
TG levels, 12% vs 27% vs 55% (,150, 150–200,
.200 mg/dL) in the former in comparison with 35% vs
69% (#200, .200) in the latter. These findings can be ex-
plained in part by the elevated rate of diabetes and the MetS
in the CEPHEUS study; 77% and 41% in comparison with
31% and 32%, respectively in the LTAP-2 study. In those 2
conditions, characterized by insulin resistance and central
obesity, atherogenic dyslipidemia predominates. In our
study, those with diabetes mellitus and higher TGs were
less likely to attain their LDL-C (17% vs 19% vs 32%;
P , .001) and non–HDL-C (8% vs 24% vs 51%;
P , .001) goals when compared with those with normal
TG levels. Moreover, HbA1c, which reflect diabetes melli-
tus control, was higher in the group with higher TGs when
compared with those with normal levels (9.3% vs 8.8% vs
8.2%; P , .001) and was a significant negative predictor of
non–HDL-C achievement. Although in non–diabetes melli-
tus, higher TGs were also less likely to attain their LDL-C
(18% vs 15% vs 30%; P 5 .001), non–HDL-C (12% vs
20% vs 52%; P , .001) goals, the proportion of patients
with diabetes mellitus, and higher TGs levels (81%) were
more than non–diabetes mellitus and higher TGs (19%)
group in our study.
Some studies have shown Apo B to be a better marker
of ASCVD risk than LDL-C and non–HDL-C, and
therefore, suggest Apo B as the preferred therapeutic
lipid-lowering target.23–28 However, a recent analysis of
contemporary statin trials has found this to be the con-
trary and reinforces the recommendation of non–HDL-
C as the main lipid target.9 In the CEPHEUS study,
significantly fewer patients with high TG levels attained
the Apo B goal in the overall cohort and, in the high and
very high ASCVD groups, a finding similar to what was
encountered for non–HDL-C.
Few studies have evaluated the prevalence of low
HDL-C and high TG in patients treated with LLDs in the
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high TG and low HDL-C in patients on LLDs was 19%
and 53%, respectively. High TG levels were associated
with diabetes, the MetS, and higher body weight. Indeed,
type 2 diabetes and the MetS are highly prevalent in the
Arabian Gulf region in general, and specifically in patients
with acute coronary syndrome. In the Gulf Registry of
Acute Coronary Events, a multinational registry of 8176
patients admitted with acute coronary syndromes in 6
Arabian Gulf countries, 67% were overweight or obese,
40% of the patients had a history of diabetes, and 46%
had the MetS.32,33
In the CEPHEUS study, the prevalence of low HDL-C in
those with high TGs but controlled non–HDL-C target was
significantly higher than those with normal TGs. This
occurred in the overall cohort and in high and very high
ASCVD groups. HDL-C is independently and inversely
related to ASCVD risk, and it is a useful component of
global risk assessment. However, recent trials failed to
show benefits of increasing HDL-C concentrations.34
Nevertheless a low HDL-C remains a target for interven-
tion, but predominately through lifestyle therapies that
have proven beneficial in ASCVD reduction like exercise35
and smoking cessation.36
A subanalysis from the major fibrate clinical trial
suggests37,38 reduction of cardiovascular events in patients
with low HDL-C and high TG levels. This is occurring
even in those individuals treated with statins. In the
CEPHEUS study, most (94%) patients were on statin ther-
apy, whereas only 5.0% was on combination LLDs and
1.0% was on other LLDs. In the Arabian Gulf region,
because of the high prevalence of atherogenic dyslipidemia,
combination therapy beyond statins for those with high
non–HDL-C, due to either high TG or low HDL-C, may
benefit patients at high ASCVD risk. However, prospective
and well-designed trials are needed to corroborate this
hypothesis.
In the present study, the possible reasons for the very
high failure rate of reaching lipid targets in these high and
very ASCVD risk patients could be related to different
medical practice standards among Gulf States. We have
shown in previous CEPHEUS Middle East study on the
same cohort of patients that high doses of LLDs were
seldom used and patients were on average doses of
rousvastatin 14 mg, atorvastatin 30 mg, and simvastatin
24 mg for the very high ASCVD risk category.17 This could
be attributed to the concerns among treating physicians
about higher risk of adverse drug reactions from high doses
of LLDs. However, one cannot also discard the influence of
low patient compliance. In this CEPHEUS study, when
patients were asked ‘‘approximately how often do you
forget to take your cholesterol-lowering tablets,’’ about
32% indicated$ once per week.17 In addition, the presence
of multiple risk factors, like the high prevalence of obesity,
hypertension, diabetes mellitus, and MetS in our population
may have contributed to this low compliance of lipid target
achievements. Furthermore, the threshold goal post in theprior LTAP-2 study22 for the very high ASCVD risk cohort
was 100 mg/dL but in the current CEPHEUS study, the
threshold is significantly lower, at 70 mg/dL. Therefore,
intensive lifestyle interventions and the use of more potent
statins is indicated for better control of therapeutic lipid tar-
gets in these high risk population. Moreover, continuous
education of physicians in the region about the importance
of recognizing non–HDL-C as an important therapeutic
target beyond LDL-C particularly in patients with high
TG levels.
Our results provide a useful overview of current lipid
management and treatment outcomes in the Middle East
Area. However, it has several limitations: it is an observa-
tional cross-sectional trial that did not assess long-term
outcomes. A prospective follow-up study is required to
evaluate medical treatment and attainment in relation to
mortality in patients treated with lipid-lowering agents. The
population studied is relatively small and considerable
variability in practice patterns across the countries exists,
and probably even among study sites, and therefore, caution
should be exercised when extrapolating the results to the
general population. In addition, the population included
only patients who were already on some form of lipid-
lowering medication. It was not clear what proportion of
eligible patients with appropriate risk factors were offered
LLDs in different countries. Such information would be
important to evaluate the overall burden of the disease
among untreated patients in various countries.Conclusion
A large proportion of dyslipidemia patients on LLDs
with high and very high ASCVD risk in the Arabian Gulf
are not at their recommended non–HDL-C therapeutic
targets. This was more evident on those with higher TG
levels and greater ASCVD risk. Those individuals, hence,
remain at a substantial residual risk for cardiovascular
diseases despite treatment.Acknowledgments
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